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ABSTRACT 



The application of a somewhat unusual 
diode structure opens the possibility to 
make novel kinds of high voltage devices 
even with very thin epitaxial or implanted 
Myers, In the new structures crucial 
changes in the electric field distribu- 
tion take place at or at least near the 
surface.. The acronym ReSurf (REduced cur- 
face Field) was chosen. 



BASIC STRUCTURE 

. The basic structure consists of a 

nifn-ohmic t> substrate with an epitaxial 
U layer on; it. which is laterally boun- 
i~J%* pt /^^sipn". The diode thus 
formed consists of two parts: one hori- 
zontal PN junction and a vertical p+n 
.• : l?W*4pn- Considering these parts as 
^ne^i^neional junctions, the vertical 
tglJ&S lower breakdown voltage/ 

fifilS&M a^ermined by the doping concen- 
'&***<^ the epitaxial layer (e\g? 

#*2§£^2*ii» ^5^tal junction is con- 
^fflfSJS-rJ* LW« du« to the high-ohmic 

•^I^O^^ epitaxial layers the depletion 
?io^^ r ^? e ^ ^ vertical F§ junc- 

*£^f* Wt Influenced by the horizontal 

K^i^.?? *^' toenc * breakdown voltage is 
tll^l^ ^Lf* *Y Thi eve- 

^ *X*?»try for this case is 

■^fiSSaS 5 t0 thi ™«* layers 

:^^ n of ^ vertical 
^^.&9**P**Q becomes lino-re and more rein- 

^3^?5My vi«; -^e same: applied vbltaa#=. *-h 0 
/»^»t?»s Slpig the surface" 10 
2F£JL22°!l l0n?er ««tane* than would 
accoraihg to a simple 

3^ffiB&^*b ^c^i-tp.v; Now "the electric 
^,^^. f ¥*^ the 
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Fig, 1. Representation of the electric 
field distribution. 

a. for a thick epitaxial layer 
(370 V) , 

b. for a thin epitaxial layer 
(370 V) , 

c. for a thin epitaxial layer 
(1150 V). 

^£ fa -K e J> reakdow n has been eliminated. 
5?!L5 t b f eakdown of the diode is deter- 
?h£ by the horizontal junction and thus 
the^ideal bulk breakdown can be reached. 

llioV J C> ; J^ 67 "' since the epitaxial 
is fully depleted a new effect 

t0 the cu rvature of the N + 
t electric f ield will strongly 
the S?f;«- P S r ^ th±n epitaxial layers 
the effect becomes so pronounced that 
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the electric field peak at the edge 

of the N + region is larger than the field 
in the bulk. eia 
Now corner breakdown will occur at a 
voltage which is lower than the ideal bulk 
breakdown voltage. Two-dimensional nume- 
rical calculations show that a symmetri- 
cal electric field distribution at the 
surface is obtained, when N eDl# d on s = 
1012 at/cm2, where Nepi and e |£ e 

the doping concentration and the thick- 
ness of the epitaxial layer, respectively 
For the structure as discussed so far a " 
plot of breakdown voltage versus epitaxial 
layer thickness is given. 
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Fig. 2. Breakdown voltage as a function 
of epitaxial layer thickness. 
In region II breakdown takes 
place at the horizontal junction. 
In region I and III breakdown 
takes place at the N+ or P+ re- 
gions, respectively. 



Fig " 3 " ^° s r section of * lateral 
bipolar transistor. 

fh! ^ gh " ohraic N" region together with 
the N+ contact diffusion forms the * 
collector zone of the transistor. 

Rv flLl? - top-layer of the structure 
Itrttt hfi? 9 resistivity of the sub- 

voTf^Ie 9h f mitte r-collector breakdown 
voltages can be obtained. The P+ base- 
diffusion need not necessarily be con- 
SSolL iSOlatio « but can 

^e° N - e iayer. aS * fl ° at±ng iSlan * 
Fig. 4 presents the current-voltage 
to^lri 3 " 08 °f an NPN ^tera^transis- 

SL^^sTSr 1 * 1 layer with a 




LATER AX BIPOLAR TRANSISTOR 

A minor change in the diode structure 
leads to a high voltage bipolar transis- 
tor. Simply by introducing an N + emitter 
diffusion in the P+ isolation region, a 
transistor is obtained. (Fig. 3). To make 
transistor action more efficient, it 
is preferred to. enlarge the P+ region 
by a shallow P+ base diffusion. 



Fig. 4. 



Common emitter output characteris- 
tics of a lateral bipolar transis- 
tor , T2X t ■ - ~* -- - - 
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VERTICAL BIPOLAR TRANSISTOR 

Fig. 5 shows a cross-section of a ver- ^ 
tical PNP transistor. The only dif f irence 
with a conventional structure is an addi- 
tional N~ layer which is laterally 
bounded by a -p+- diffusion. ; - 
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p i9- 5- Cross-section of a vertical 
bipolar PNP transistor. 

•J£?^ti?5^ Jglth'thf lateral transistor, 
the .Resurf N~ layer, is now a part 

region. By a proper choice 
°! ^niensions and doping concentration 
°?i£ he ,: N .layer/ the electric field dis- 

su ^ace can be such that 
In^f^o- 1 ^ 1 taI ^ e P lace *t the hori- 

as 



Fig. 7 shows a cross-section of a thin 
layer Resurf J-Fet « 
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7. Cross-section of a Resurf J-Fet. 



Fig. 

The extension of the depletion layer 
fl.uVS^J? aS Wel1 as the Electric 

surfacf o| r ih^° n - in the bulk and at the 
surface of the drain end are depicted. 

I-V characteristics of some experimental 

samples made with non-op timizeTKSSr 

masks are shown in Figs. 8 and 9. 
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JUNCTION FET 



1 a higi[ n aatr^ 0n f 11 ^ f bleated J-Fe 
H h ^^<)hmic layer ; L ^ ic * : 
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Fig. 8. Resurf j-Fet made in 3 ,um thick 
epitaxial layer. *r ' £ 230 V 




Fig. 



* e = u i; f ^t made in a 15 /U m 
thick epitaxial layer. f 
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CONCLUSION 



The use of high-ohmic substrain 
with relatively thin epitaxial llZlt 
on them, which meet the requirement 
tioned in this paper (i. e N ^ en ^ s mG "" 
1012 at/cm2) opens the possib?litv epi ~ 
of making high-voltage devices who^ 
structure and operation, in particui^ 
the electric field distribution diff 
essentially from those of conventionaf 
devices. 
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